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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, DC 2023 1 

Sir: 

Please amend the above-identified application as follows: 



IN THE SPECIFICATION: 

Page 1, after the title of the invention, please insert 

-This appUcation is a 371 application of PCT/NO99/00283 filed September 15, 1999.-- 

IN THE CLAIMS: 

Please amend the following claims as indicated: 

3 (amended). Method according to claim 1, 
characterized in that the pressure in the reforming reactor is fi-om about 200 to about 
500 bar. 

4(amended). Method according to claim 1, 
characterized in that the COj-rich gas stream is present at a pressure within the interval 
fi-om 20 to 200 bar. 



5 (amended). Method according to claim 1, 
characterized in that the mixture in the reforming reactor is passed over a catalyst bed. 

6(amended). Method according to claim 1, 
characterized in that the reaction in the reforming reactor is carried out without a 
catalyst. 

Please add the following new claims: 

~1 l(new). Method according to claim 2, 
characterized in that the pressure in the reforming reactor is from about 200 to about 
500 bar. 

12(new). Method according to claim 2, 
characterized in that the COj-rich gas stream is present at a pressure within the interval 
from 20 to 200 bar, 

13 (new). Method according to claim 3, 
characterized in that the C02-rich gas stream is present at a pressure within the interval 
from 20 to 200 bar. 

14(new). Method according to claim 2, 
characterized in that the mixture in the reforming reactor is passed over a catalyst bed. 

15(new). Method according to claim 3, 
characterized in that the mixture in the reforming reactor is passed over a catalyst bed. 

16(new). Method according to claim 4, 
characterized in that the mixture in the reforming reactor is passed over a catalyst bed. 

17(new). Method according to claim 2, 
characterized in that the reaction in the reforming reactor is carried out v^thout a 
catalyst. 

18(new). Method according to claim 3, 
characterized in that the reaction in the reforming reactor is carried out without a 
catalyst. 



19(new). Method according to claim 4, 
characterized in that the reaction in the reforming reactor is carried out without a 
catalyst. 

20(new). Method according to claim 5, 
characterized in that the reaction in the reforming reactor is carried out without a 
catalyst. - 



The specification has been amended to insert a cross-reference to the international 
application on which the present U.S. application is based. 

The claims have been amended to correct their improper muhiple dependency, as a result 
of which new claims 1 1-20 have been added to the application. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
Preliminary Amendment. The attached page is captioned " Version with markings to show 
changes made/ ' 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS: 

3 (amended). Method according to [claims 1-2] claim h 

characterized in that the pressure in the reforming reactor is from about 200 to about 

500 bar. 

4(amended). Method according to [claims 1-3] claim L 
characterized in that the C02-rich gas stream is present at a pressure within the interval 
from 20 to 200 bar. 

5(amended). Method according to [claims 1-4] claim L 
characterized in that the mixture in the reforming reactor is passed over a catalyst bed. 

6(amended). Method according to [claims 1-5] claim L 
characterized in that the reaction in the reforming reactor is carried out without a 
catalyst. 
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The present invention comprises a method for production of a COs-rich 
gas for injection purposes or to be deposited; and a hydrogen-rich gas, and use 
thereof. 

It is commonly assumed that the greenhouse effect and the climate on ^ 
earth have are closely connected to human made emissions of CO2, These 
emissions are primarily formed by combustion of coal and hydrocailDons, i.a^ by 
generation of heat and electric power. A desireable goal is therefore to reduce 
the emission of CO^ to the atmosphere. 

It is known art to reduce the emission of CO2 from combustion of natural 
gas, e.g, by gas reforming and shift technology for preparation of a mixture con- 
sisting of hydrogen and carbon dioxide. These components are then separated » 
whereafter hydrogen is used as fuel in a gas turbin and carbon dioxide is depos- 
ited after compression to desired pressure. The deposition can be made on the 
bottom of the sea or in geological reservoires. The resen/oires can also contain 
hydrocarbons. The above mentioned technique is i.a. described in Teknisk Uke- 
blad No. 16, page 8, 1998. 

Known art comprising gas reforming and shift technology as described 
above is very expensive and at the same time gives less energy yield than a 
conventional, modern gas power plant 

US 3,652,454 describes preparation of CO^ and from a gas stream 
containing CO by an improved continuous catalytical shift reaction at high pres- 
sure. The reaction takes place i one or more shift reactors at a superatmospheric 
pressure of from 35 to 250 atmospheres, and a temperature between 287°C and 
SBT'^C. The patent does not describe reforming of natural gas. 

From EP 0 000 993-A1 it is known a method for preparation of ammonia 
by means of a primary and a secondary catalytic reforming of an hydrocarbon 
stream at superatmospheric pressure. From the primary catalytic reforming the 
ratio of steam to carbon is from 2.5 to 3.5, the pressure is from 30 to 120 bar and 
the temperature out of the reactor is from 750 to BSO^'C. From the secondary 
catalytic reforming the content of methane is from 0.2 to 10 % by weight on a dry 
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basis and the ratio of hydrogen to nitrogen is from 2,2 to 2.7. To the he secon- 
dary reforming there is added an excess of air for preparing a gas with a higher 
content of methane, i,e- at a lower temperature, and/or a lower steam ratio and/or 
a higher pressure . In the above mentioned EP patent CO2 is removed at a low 
pressure by taking out hydrogen at an elevated pressure for further use by the 
preparation of ammonia, 

EP 0 289 419 describes catalytic steam reforming of hydrocarbons for 
preparing hydrogen i an ammonia process. The catalytic steam reforming takes 
place at a pressure from 25 to 120 bar, a temperature from 800 to lOOO'^C and at 
at ratio steamxari^on of 1.8-2,5, The process is operated in such a way that 
there are less than 0.3% impurities in the Ha-rlch gas which is to be used for pro- 
duction of ammonia. The present invention allows a higher content than 0,3% of 
CO, CO2 and CH4 in the Ha-rich gas stream. 

CA 868,821 describes preparation of synthesis gas by steam reforming of 
hydrocartDons in a gas and a liquid at 50-250 absolute atmospheres, preferably 
160 abs. aim. for production of ammonia and methanol. 

Known art does not deal with a one step prosess for production av CO^- 
rich gas and Hj-rich gas under supercritical conditions for water, where a CO^- 
rich gas mixture is taken out at an elevated pressure in the interval from 20 to 
200 bar for injection or deposition i marine formations. The present invention 
involves reduced compression costs by deposition or injection in marine forma- 
tions because the COz-rich gas mixture is taken out at an elevated pressure. 

The present invention comprises a method for preparing a CO^-rich gas 
stream and a hydrogen rich gas stream, the method comprising the following 
steps: 

a) natural gas and H^O are fed to a one-step reforming process for preparing 
a gas mixture comprising CO2 and under supercritical conditons for 
water; 

b) the gas mixture from a) is separated into a Hs-rich and a COg-rich gas 
stream, respectively. 

Further the temperature in the refonning reactor is from about 400°C to 
about 600^C, and the method is also characterized by a pressure in the reform- 
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ing reactor from about 200 to about 500 bar. The COa-rlch gas stream from the 
separation unit is at a pressure in the interval from 20 til 200 bar. I the present 
invention the mixture in the refomning reactor may be passed over a catalyst bed. 
The reforming can also be carried out without catalyst. The present invention 
also concerns use of the COg-rich gas stream prepared according to the previ- 
ously mentioned method, where the COj-rich gas stream is injected into marjne 
formations. Further, the invention comprises use of the Hj-rich gas stream pre- 
pared according to the invention, where the H^-rich gas stream can be utilized for 
hydrogenation, i the production of electricity and as a source of energy / fuel in 
fuel cells. 

The following reaction takes place during the reforming: 

CH4 + 2H2O CO2 + 4H2 

The reforming reactor is operated at supercritical conditions for water. The tem- 
perature in the reforming reactor is from about 400^C to about 600*='C and the 
pressure in the reforming reactor is from about 200 to about 500 bar. It is an ob- 
ject of the present invention that COj is separated from the gas stream at a pres- 
sure of at least 20 bar and maximum 200 bar before being injected into marine 
formations or by deposition. The reforming reaction takes place over a suitable 
catalyst bed. The reforming can also take place without catalyst in the reforming 
reactor. It is also an object of the present invention to use made according to 
the method of the invention, for hydrogation, and for production of electricity. Use 
of H2 as a source of energy / fuel in fuel cells is further comprised by the present 
invention. 

CO^ is an add gas, and the most widely used method to separate the 
mentioned gas from other non-acid gas molecules is absorption. During absorp- 
tion the different chemical properties of the gas molecules are utilized. By con- 
tacting the gas mixture with a basic liquid the acid gases to a high degree will be 
dissolved in the liquid. The liquid is separated from the gas and the absorbed gas 
can the be set free either by altering the composition of the liquid or by altering 
pressure and temperature. For separation of COj mainly aqueous solutions of 
alcoholamines are used. The absorption is taking place at a relatively low tem- 
perature and high pressure, while stripping of the gas from the liquid is carried 
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out at a relatively high temperature and low pressure. To liberate COg from the 
amine phase in the stripping unit stripping steam is usually used. If the partial 
pressure of COj in the gas into the absorber is high, e.g. higher than 15 bar, it is 
possible to obtain high concentrations in the amine phase, and a large part of 
absorbed CO^ can be set free in the stripping unit at elevated pressure, e.g. 5-8 
bar. 

By the use of one or more semipermeable membrane units it is possible to 
achieve that molecules of different molecular weight and different properties 
permeate the membrane at different velocities. This principle can be utilized to 
separate gases. For the gas mixture in question membranes can be selected 
where permeates rapidly, whereas COz permeates slowly, whereafter a sepa- 
ration-rn-part of the different gas components is achieved. By combining solid 
membranes and liquid membranes it is also possible to achieve a rapid pemiea- 
tion of COg, while H2 is kept back. It can be difficult to achieve complete separa- 
tion of the different gas components by using different separation methods. This 
is especially the case by use of membranes. For gas mixtures which are going to 
be burned, a partly separation of hydrogen and COj will be sufficient. 

In the present invention it is desireable to deposit out-separated CO2. 
Large amounts of CO2 can be deposited according to various methods, of which 
the three most interesting are deposition at very deep oceans, deposition in deep 
water reservoirs and deposition in oil reservoirs wherin the gas at the same time 
functions as drive agent for enhanced oil recovery. The two last mentioned stor- 
age methods are operated commercially. In these storage forms the COj gas has 
to be brought to high pressure for transport in pipelines to a deposition well and 
further to injection. The injection pressure will vary, but could be in the range 50 
to 300 bar. If the CO^ gas can be separated from the H2/CO2 mixture at an ele- 
vated pressure, significant compression work can be avoided, and this is the 
case in the present invention. 

The invention is further elucidated on Figure 1. Natural gas (1) is passed 
from an oil/gas field, and blended with H^O (2) before the mixture is passed to 
reforming at supercritical conditions. Produced synthesis gas (3) is separated at 
high pressure into two streams, a CO^-rich stream (5), which is injected Into an 
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oil/gas field, and a H^-rich stream (4), respectively The Hj-rich stream is further 
used for hydrogenation, as a source of energy in fuel cells, and for production of 
electricity, 

5 Example 1: 

The example concerns one or more membrane units wherein the COj-rich 
gas can have a pressure approximately equal to the partial pressure of COjinto 
the separation unit, as shov^n in Table 1 below. 

10 Tablel 



Total inlet pressure on the sepa- 
ration unit (bar) 


Partial pressure of COj out of the 
separation unit (bar) 


200 


40 


250 


50 


300 


60 



Example 2: 

Supercritical conditions occur at pressures above 220 bar and tempera- 
tures above 374°C. 

15 In this example it is described at which conditions supercritical conditions 

occur in the present reactor. 

The relationship between temperatur and pressure in the reactor in the 
present invention is as shown in Table 2. Supercritical conditions occur in the 
reactor when the values of pressure and temperatur are higher than shown in 

20 Table 2. 
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TaWe 2 



Pressure (bar) 


Temperature ("C) 


1100 


354 


750 


356 


500 


362 


300 


368 


220 


374 



Relationship between temperature and % fraction H2O at 220 bar is shown in ta- 
ble 3. Supercritical conditions occur in the reactor when the values for tempera- 
5 ture and % fraction Hp at a pressure of 220 bar are higher than shown in Table 
3, 



Table 3 



% fraction H2O (P =220 bar) 


Temperature ("C) 


0.95 


372 


0.85 


365 


0.75 


353 



The relationship between pressure and % fraction HjO at a temperature of 374^C is shown 
10 in Table 4. Supercritical conditions occur in the reactor when the values for pressure and 
% fraction HiO at 374°C are higher than shown in Table 4. 



Table 4 



% fraction H2O (T= 374»C) 


Pressure (bar) 


0.95 


300 


0.85 


400 


0.76 


1000 
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Claims 

1 . Method for preparing a COj-rich gas stream for injection purposes or 
deposition^ and a hydrogen rich gas stream, 

s characterized in that the method comprises the following steps: 
a) natural gas and H2O are fed into to a one-step reforming process for pre- 
paring a gas mixture comprising COj and H2 under supercritical conditons 
for water, 

b) the gas mixture from a) is separated into a Hz-rich and a CO^-rich gas 
10 stream, respectively. 

2. Method according to claim 1 , 

characterized in that the temperature in the reforming reactor is from 
about 400^C to about 600*^0. 

15 

3- Method according to claims 1-2, 

characterized in that the pressure in the reforming reactor is from 
about 200 to about 500 bar. 

20 4. Method according to claims 1-3. 

characterized in that the CO^-rich gas stream is present at a pressure 
within the interval from 20 to 200 bar. 

5- Method according to claims 1-4, 
25 characterized in that the mixture in the reforming reactor is passed 
over a catalyst bed. 

6. Method according to claims 1-5, 

characterized in that the reaction in the reforming reactor is carried out 
30 without a catalyst. 

7, Use of a COa-rich gas stream according to claim 1 for injection into marine 
formations. 
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8. Use of a Ha-rich gas stream made according to claim 1 for hydrogenation. 

9. Use of a Ha-rich gas stream made according to claim 1 as a source of en- 
ergy / fuel in fuel cells. 

10. Use of a Hj-rich gas stream made according to claim 1 for production of 
electricity. 
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OiWgas field 




of 



Supercritical steam/methane H* 
reforming : 



Rx: CH, + 2H,0--^ CO, + 4Ha 
P>200 twr, 'MOtf'C 



Figure 1 
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Full Name of 
Third Inventor 


FAMILY NAME 


FIRST GIVEN NAME SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY COUNTRY OF CITIZENSHIP 


Poet Office 
Addretui 


AUUKESS 


Cmf STATE OR COUNTRY ZIP CODE 


Full Nnme of 
Fourth Inventor 


FAMILY NAME 


riR^T GIVEN NAME SECOND GIVEN NAMK 


ReHidence & 
CitizenNhip 


CITY 


STATE OR COUNTRY COUNTRY OP CITCZENSIIIP 


Post Office 
Address 




CITV STATE OK COUNTRY J!IP CODE 
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NO. 3946 P. Ib/ll 



Full Name of 
Fifth Inventor 


FAMILY NAMB 


FIRffr GIVEN SAME 


SECOND GIVBN NAME 


Residence & 
Citixeiuhlp 


CITY 


OTATE OR COUNTHY 


oouNTKY OF cmzEMSfiar 


Post Office 


AD0HB8S 


cnr 


OTATE OR COUNTRY ZIP CODE 


Full Name of 
Sixth Inventor 


FAMILY NAME 


Fissr anrsN NAME 


SECOND OIVBN NAME 


Reftidence & 


CITY 


9rATB OR COUNTRY 


COUNTRY OF CmzBNSHIF 


adzenahip 








Post Office 


ADDRESS 


CITY 


STATB OR COUNTRY ZIP CODE 


Full Name of 
SevstiUi InTenior 


FAMILY KAME 


rtaST GIVEN NAMS 


SECOND GIVEN NAME 


Residence & 
Citixeiuhip 


Cmr 


fifTAYK OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 


ADDRESS 


cmr 


ATE OR COUNnrv ZIP GODR 



I further declare that all statements made herein of my own knowledge are true, and that all statements on infonnation and belief are 
believed to be true; and further that these statements were made with the knowledge that wfflful false statements and the like so made are 
puinahable by fine or imi»isoiKnent, or both, under Section 1001 of Title 18 of the United Sutes Code, and that such willful false 
statements may jeopartfize the validity of thf application or any patent issuing thereon. 



1st Inventor . 
2nd Inventor , 
3rd Inventor , 
4th Inventor . 
5th Inventor . 
6th Inventor , 
7th Inventor 



Ola OLSVIK 



Date . 
. Date . 
. Date . 
. Date . 
. Date . 
. Date 
. Date 



(L.C>2. 'LCOl 



The above appfication may be more particularly identified as fottows: 

U.S. Applkalion Serial No. . — 

Applicant Reference Number 10387Q/TFM Atty Docket No . 

Method for preparing a H2-rich gas and a C02"rich gas 
Title of Invention — — — ■ 

all high pressure 
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